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FINAL REPORT 
NATIONAL AERONAUTICS AND SPACE ADMTNISTRATION 
MULTIDISCIPLINARY RESEARCH GRANT NGL 11-002-018 
GEORGIA INSTITUTE OF TECHIVOLOGY 
I.  SUMMARY 
The National Aeronautics and Space Administration granted the 
Georgia I n s t i t u t e  of Technology $600,000 on June 15,  1964, $300,000 on 
June 15, 1965, $300,000 on March 15,  1966, $300,000 on March 15,  1967, 
and $100,000 on March 15, 1968 for  the  support over s i x  years and nine 
months of bas ic  s c i e n t i f i c  research en t i t l ed  " ~ u l t i d i s c i p l i n a r y  Research 
i n  the Space Sciences and Technology." 
The grant funds have been used t o  support an expansion of 
mul t id isc ipl inary research programs i n  materials  and materials  
processing, t ranspor t  phenomena, energy conversion, systems, and 
nuclear processes. 
The grant  has been administered by the Space Sciences and 
Technology Board established a t  the Georgia I n s t i t u t e  of Technology. 
The Chairman of the  Board i s  D r .  A .  L. Ducoffe, Director of the 
School of Aerospace Engineering. The other Board members are  H. F.  
Bauer, Engineering Mechanics; C .  H. Braden, Physics; W.  0 .  Carlson, 
Mechanical Engineering; J. W.  Hooper, E l ec t r i c a l  Engineering; R. H. 
Kasriel ,  Mathematics; P.  Kelly, Socia l  Sciences; H. A .  McGee, Jr . ,  
Chemical Engineering; and W. M. Spicer,  Director,  School of Chemistry. 
The l a s t  grant  period runs from March 15, 1970 through March 14, 
1971. The present document repor ts  the  research resa l t s  obtained 
during the  l a s t  s i x  months of t h i s  period. 
An ' indicat ion of the  research a c t i v i t y  stimulated by the  grant 
during t h i s  report ing period i s  the publication i n  recognized journals 
of 5 papers and the submission of 3 addit ional .  Two papers have been 
read a t  s c i e n t i f i c  meetings. During the  present grant  period 1 Masters 
student and 12 Ph.D. students par t i c ipa ted  i n  the  research e f fo r t .  
11. RESEARCH RESULTS 
1. Vibration and S t a b i l i t y  of Distensible Fluid Lines Carrying 
a Pulsating Incompressible Liquid - H. F. Bauer 
Objectives of Research: The feedline system of l i qu id  
propelled space vehicles exhibi ts  a peculiar  in teract ion with the 
combus t ion  and pump dynamics and the e las  t i c  s t ruc ture .  The problem 
occurs a lso  i n  pressure fed systems, where no cavi ta t ion bubbles are  
present i n  the  feedline.  For the speed of propagation i n  the  l i qu id  
of c = a, i . e . ,  incompressible l i qu id ,  as it  occurs i n  a pressure-fed 
system, the  propagation of viscous l i qu id  i n  an e l a s t i c  cy l indr ica l  
p ipel ine  has been investigated.  
Description of the  Work Performed: The pulsat ing flow of 
an incompressible, viscous l i qu id  i n  an e l a s t i c  p ipel ine  of c i r cu l a r  
cross sect ion has been investigated for small displacements and 
ve loc i t i es .  The l inear ized bas ic  equations are  (because of symmetry) 
given by : 
The equation of continuity:  
The Navier-Stokes equations f o r  incompressible flow: 
The behavior of the  e l a s t i c  cy l indr ica l  p ipel ine  of i n f i n i t e  length i s  
described by Donnell' s s h e l l  equations : 
The equations of motion of the  l i qu id  and e l a s t i c  p ipel ine  a re  coupled 
through the  conditions 
aii u = - -  
a t  a t  the  wall  .=a. and w = -  a t  
Representing the  pressure and ve loc i t i e s  as 
with 
where LU i s  the  c i r cu l a r  frequency and cn i s  the speed of propagation, 
y ie lds  with : 
and 
t he  equations : 
and 
w;; 1 * /  2 *  inw * r 'hn + kn 'nh = ' F -  pen 'hn 
3 2 i wn 2 2 
where kn = -- - v 
* 
and the  upper s ign belongs t o  h = l ,  while the  
,, 
2 
Ln 
lower s ign belongs t o  h=2, the re f l ec ted  waves. They a re  s a t i s f i e d  
2 2  2 f o r  w n <<Cn by 
and 
* iwn 2 2 w n r  * 
uAn(r) = - 
'nkn *hn31(linr) ' 2 2 'hn 2Pcnkn 
where A a re  unknown in tegra t ion  constants. The e l a s t i c  w a l l  equations An 
are  with 
given by : 
With the  boundary conditions (6) one obtains two add i t iona l  equations 
Together with equations (19) and (a) these  represent  four equations 
f o r  t h e  determination of  the  unknowns. The speed of propagation cn i s  
obtained by s e t t i n g  the  determinant equal t o  zero. From t h e  above 
* -* * 
equations (19) through (22) t h e  r a t i o s  Ahn/pAn uAn/phn and G : ~ / P ~ ~  
may be obtained, and a r e  given as f'unctions of the  system parameters. 
Introducing these  i n t o  the equations ( 7 ) ,  (8), ( 9 ) ,  (17) and (18) 
y ie lds  the  r e s u l t s  of t h e  behavior of such a pu l sa t ing  system, 
superimposed upon a uniform flow (14) . 
Resul ts :  The mathematical so lu t ion  has been found fo r  an 
a r b i t r a r i l y  pu l sa t ing  flow superimposed upon a uniform flow. The speed 
of propagation cn i s  obtained by s e t t i n g  the coef f ic ien t  determinant 
obtained from equations (19) through (22) equal t o  zero. With t h i s  
* * * 
the r a t i o s  Ah uAn/pAn and w:n/pTn a re  obtained from these 
n 
-* 
equations. The values AAn, D [ ~  and Whn a re  therefore known for  a given 
pressure.  
Publication:  "On the  Shape of a Rotating Fluid System 
Consisting of a Gas Bubble Enclosed i n  a Liquid  lobe," Ze i t s ch r i f t  
f u r  Angewandte Mathematik und Physik. ( ~ c c e p t e d  fo r  publication) 
Graduate Student: Ph.D. Candidate. 
2. A Study of Helicopter Blade Slap Noise - R. B. Gray 
Research Performed and Results Obtained: The in te rac t ion  
under ce r t a in  f l i g h t  conditions of a hel icopter  blade with the  vortex 
f i e l d  shed from preceeding blades produces a loud r epe t i t i ve  noise. 
Other s tudies  have shown tha t  a r e a l i s t i c  mathematical model of the 
vortex s t ruc ture  i s  required fo r  analysis  of the  noise generating 
mechanism. Such a model i s  not present ly  avai lable .  The objective 
of  t h i s  grant  i s  to  explore several  methods of measuring the flow f i e l d  
associated with vortex systems. 
Thus f a r ,  a hot-wire anemometer has been used t o  study the 
flow f i e l d  of vortex r ings generated i n  a i r .  By su i tab le  or ienta t ion 
of the  s ingle  wire, magnitudes of the t o t a l  veloci ty  and the ax i a l  
veloci ty  have been obtained across the vortex a t  a s t a t i o n  0 .3  meters 
from the  vortex generator e x i t .  During t h i s  report ing period, a hot- 
f i lm vector anemometer has been acquired which i s  capable of measuring 
the three  veloci ty  components simultaneously. The output of t h i s  vector 
anemometer w i l l  be fed i n t o  a small d i g i t a l  computer f o r  data reduction. 
The computer program has been wr i t t en  and checked out .  The e lect ronic  
in te r face  including the analog t o  d i g i t a l  converters have a lso  been 
designed, assembled, and checked out .  It i s  conservatively estimated 
t ha t  the  system i s  capable of a ve loc i ty  vector sampling r a t e  greater  
than ten thousand per  second. This w i l l  be used for  fur ther  study of 
the  vortex r ing.  
The helicopter model ro to r  t e s t  f a c i l i t y  i s  i n  the d e t a i l  
design stage.  Construction i s  expected t o  begin i n  the near fu tu re .  
A proposal has been wr i t t en  and submitted to  NASA Langley 
t o  study vortex shedding from helicopter blades. 
Graduate Student: M.S. Student. 
3. Energy Conversion i n  Reactive Coll isions - T. Moran 
Research Performed and Results Obtained: As p a r t  of the  
program i n  High Energy Chemistry we have pursued the  experimental and  
theore t ica l  aspects of our investigations i n to  the  fundamental bas i s  of 
energy conversion i n  react ive  and non-reactive bimolecular co l l i s ions .  
Ion-molecule reactions have been examined i n  a s ign i f ican t ly  improved 
high resolut ion beam apparatus. Reactant ion beams are  supplied by a 
small Nier type mass spectrometer. The ion beams from t h i s  spectrometer 
are  focused i n t o  a 127' e l ec t ro s t a t i c  energy se lec tor  which was fabricated 
from f ine  wire mesh gr ids  of a design s imilar  t o  those used i n  e lect ron 
sca t te r ing  experiments. The mass and energy selected ion beam i s  then 
focused i n to  the co l l i s i on  chamber where reactions take place.  Neutral 
t a rge t  molecules enter  the co l l i s i on  region through a multichannel, 
fused cap i l l a ry  array which provides high t a rge t  atom concentrations 
i n  a small,  wel l  defined region with a pr imari ly  monodirectional veloci ty  
d i s t r ibu t ion .  This neu t ra l  beam, which in te r sec t s  the ion beam i n  a 
perpendicular d i rect ion,  i s  fed d i r ec t l y  i n to  a 3000-l/sec. d i f f i s i on  
pump. Ionic  sca t te r ing  products a re  measured i n  the out of plane 
dimension with a detection system consis t ing of another 127' sec tor ,  a 
Paul-Steinwedel mass f i l t e r  and a channel e lect ron mul t ip l i e r .  
Channeltron s igna l  pulses are amplified, shaped and then counted. The 
e n t i r e  apparatus i s  mounted on an op t i ca l  bench ins ide  a 32 i n .  diameter 
s t a in l e s s  s t e e l  high vacuum chamber. 
I n  ion-neutral  molecule s ca t t e r i ng  processes, the  k ine t ic  
energy of e l a s t i c a l l y  sca t te red  ions can be calculated from the expression 
where 0 i s  the  laboratory sca t te r ing  angle, Eo i s  the energy of the 
incident  ion  of mass M and m i s  the mass of the t a rge t  atom. For 
i n e l a s t i c a l l y  sca t te red  ions a s imilar  r e l a t i on  holds 
where AE i s  the spectroscopic energy l o s s  and Ee is  equal t o  m ~ ~ / ( m + M ) .  
The kine t i c  energy d i s t r i bu t i on  of the  primary ion bean approximates 
0.04 eV FWHM which i s  su f f i c i en t l y  narrow t o  allow separation of the 
e l a s t i c  and i n e l a s t i c  components of the scat tered beam. A convenient 
measure of i n e l a s t i c i t y ,  o r  degree of energy conversion, i s  given by 
Ee-Ei which can be computed knowing the  energy of the incident ion,  
masses of reactants ,  the s ca t t e r i ng  angle 8 and AE computed from 
spectroscopic constants using the  r e l a t i o n  
where primed numbers r e f e r  t o  the  f i n a l  quantum s t a t e s .  The i n e l a s t i c  
energy l o s s  spectra  fo r  a  typ ica l  in te rac t ion  of the type 
show t h a t  the  majority of i n e l a s t i c a l l y  scat tered product ions are 
forward sca t te red  with posi t ions  approximating those from the computed 
values of 2,-Ei. Experimental points a t  large  angles give evidence of 
ra ther  sharp peaks due t o  i n e l a s t i c  coUis ions  corresponding t o  vibra- 
tional, exci ta t ions  bu t  a t  smaller angles the re  i s  s ign i f ican t  broadening 
of these peaks and a t  nominal 0' LAB angle a  maximum appears i n  the  
sca t te red  i n t ens i t y  below the  v=0-+1 threshold. Although a  small amount 
of i n e l a s t i c  peak broadening i s  expected from the  f i n i t e  veloci ty  width 
of the  incident ion beam and small out of plane veloci ty  components of 
t h e  t a r g e t  atoms; the experimental width of the  i n e l a s t i c  peaks i s  
l a rge r  than expected fo r  pure v ib r a t i ona l  t r an s i t i ons  and gives indi-  
cat ions of simultaneous v ib r a t i ona l  and r o t a t i ona l  exc i t a t ions .  As the  
reactant  ion  k ine t i c  energy i s  lowered t o  3 eV LAB energy, t r an s i t i ons  
with smaller energy losses  become r e l a t i v e l y  more important and 
correspond t o  pure ro t a t i ona l  exci ta t ions  with changes i n  r o t a t i ona l  
quantm number, AJm20 f o r  these  l a rge  impact parameter co l l i s ions .  
The r e l a t i v e  d i f f e r e n t i a l  cross sections measured fo r  the  
v ib ra t iona l  exci ta t ions  compare favorably with those predicted from a  
forced harmonic o s c i l l a t o r  model with time dependent wavefunctions t o  
evaluate t r a n s i t i o n  p robab i l i t i e s .  This model cor rec t ly  p red ic t s  the  
r e l a t i v e  v = 0 4  n v ib ra t iona l  cross sect ions  a t  given values of LA13 
s ca t t e r i ng  angles and the angular va r ia t ion  of these  cross sections 
once the i n t e r ac t i on  po t en t i a l  has been determined. 
The energy conversion processes involving chemically reac t ive  
species have been examined and i t  i s  found tha t  a  s t a t i s t i c a l  model 
adequately describes t o t a l  cross sections fo r  various react ion channels 
as a  function of incident  ion t r an s l a t i ona l  energy. The cross sections 
4- f o r  chemical rearrangement react ions  of low energy C ions with J!J2 and 
f 4- 0 leading t o  CIV and CO respect ively ,  a r e  i n  reasonable agreement with 2 
the  predic t ions  of the  s t a t i s t i c a l  phase space model as regards t rans la-  
t i o n a l  energy dependences. However quan t i t a t ive  comparison between the 
r e s u l t s  using t h i s  model and experimental data  indicate  t ha t  product 
s t a t e s  do not  necessar i ly  mix s t a t i s t i c a l l y  and sp in  and symmetry 
requirements p lay a  r o l e  i n  determining t he  product s t a t e s .  Transla t ional  
energy dependences of d issocia t ive  react ions  as determined from the 
s t a t i s t i c a l  model appear t o  be cor rec t ,  bu t  the s t a t i s t i c a l  treatment 
overestimates t h e  magnitude of t h i s  channel. Competing charge t r a n s f e r  
processes with close energy balance between i n i t i a l  and f i n a l  s t a t e s ,  
a r e  b e t t e r  described by the  neares t  resonance model with the  s t a t i s t i c a l  
approach l imi ted  to  c lose  coupled c o l l i s i o n s  where t h e  e lec t ron  t r a n s f e r  
react ions  have s i g n i f i c a n t  energy defects .  
Publicat ions:  "Pure Rota t ional  Exci ta t ion  i n  CO' - A r  
In terac t ions  by Ion Beam Col l i s ion Spectroscopy," T. F. Moran, Frederick 
P e t t y  and George S.  Turner, Submitted t o  Chemical Physics Le t t e r s .  
" ~ a l c u l a t e d  Ion-Molecule Reactions of C +  with O2 and R2, " 
D. C .  Ful ler ton and T. F. Moran, Submitted t o  In te rna t iona l  Journal  of 
Mass Spectrometry and Ion Physics. 
"v ibra t ional ly  I n e l a s t i c ,  Low Energy CO' - A r  Col l i s ions ,  " 
F. C .  Pe t ty  and T. F.  Moran, Submitted t o  Physical  Review. 
Papers Presented t o  S c i e n t i f i c  Meetings : An inv i t ed  paper 
"vibra t ional  Exci ta t ion  i n  the  Col l i s ions  of Atomic Ions with Neutral 
Molecules" w i l l  be  presented i n  Ju ly  a t  the  Cambridge Conference on 
Molecular Energy Transfer ,  which i s  j o i n t l y  sponsored by Cambridge 
Universi ty,  England, and the  U.  S .  National Academy of Sciences. 
Graduate Students:  Two Ph.D. Students.  
4. Atomic and Magnetic Ordering i n  Transi t ion Metal Alloys - 
S.  S .  Spooner 
Summary of Progress: The e lec t ron ic  s t r u c t u r e  of the  magnetic 
moments i n  t h e  equiatomic a l loys  has been under inves t igat ion by polar ized 
neutron d i f f r a c t i o n  as a f i n c t i o n  of order and the  meta l lurgica l  
aspects  of vanadium a l loys  addit ions have been under metallographic 
study i n  an attempt to  understand the  commercial p r a c t i c e  of a l loying 
t h e  equiatomic a l loys  with 2% V. Recent band calcula t ions  f o r  pure i ron  
( ~ u f f  and Das, Phys. Rev. - 3, 192 (1971)) provide important ins igh t s  i n t o  
the  e lec t ron ic  s t r u c t u r e  which allow us t o  conclude t h a t  our r e s u l t s  
from Mossbauer spectroscopy and neutron d i f f r a c t i o n  experiments a re  
cons i s t en t .  The meta l lurgica l  quest ion i s  f a r  from being completely 
understood, bu t  it  can be  suggested t h a t  i n t e r s t i t i a l  impurity con t ro l  
and g ra in  refinement e f f e c t s  due t o  vanadium may serve as an important 
add i t iona l  f ac to r  i n  i n h i b i t i n g  b r i t t l e  f r ac tu re  tendency i n  the  
commercial FeCo a l loy .  
The polar ized neutron d i f f r a c t i o n  experirnents on polycrys ta l -  
l i n e  a l loys  i n  the  ordered and disordered condition give an ind ica t ion  
of the changes i n  e lec t ron  s t r u c t u r e  as a function of order.  The 
magnetic e lec t ron  form fac to r s  which a re  experimentally measured a re  
r e l a t e d  t o  the  Fourier transform of the  magnetic e lec t ron densi ty  and 
i n  o ther  experiments on metals have been analyzed i n  terms of ca lcula ted  
form fac to r s  derived from f r e e  atom calcula t ions  by Watson and Freeman. 
I n  considerat ion of the  f a c t  t h a t  we a r e  i n  f a c t  dealing with atoms i n  
t h e  meta l l i c  s t a t e ,  i t  i s  very fo r tuna te  t h a t  the  f r e e  atom calcula t ions  
a re  found t o  be so  useful .  Our most recent  e f f o r t s  i n  da ta  analysis  
show t h a t  the  cobalt  magnetic moment undergoes an apparent change i n  
s p a c i a l  d i s t r i b u t i o n  which i s  indicated  by the  f a c t  t h a t  use of the  
cofi form fac to r  i n  the  ordered s t a t e  and CO" form fac to r  i n  the  
disordered s t a t e  l ead  t o  t h e  b e s t  da ta  f i t .  The ~ e + ~  form f a c t o r  appears 
t o  apply i n  both ordered and disordered s t a t e s .  Using t h i s  kind of 
form fac to r  analys is ,  it i s  found t h a t  the  loca l i zed  magnetic moments 
on i r o n  or on cobalt  do not change as d r a s t i c a l l y  as we f i r s t  thought. 
However, the  unlocalized magnetization i s  negat ively  polar ized and 
decreases i n  magnitude upon ordering. de his determination i s  based on 
demanding a consistency between bulk magnetization and local ized 
magnetization determined i n  the  neutron s c a t t e r i n g  experiments.) 
I n  addi t ion  t o  assessing the  magnitude of moments, we 
obtained a measure of the  non-spherical d i s t r i b u t i o n  of the  l o c a l  
moment e lec t rons  which i s  due t o  the  cubic c r y s t a l l i n e  f i e l d .  The 
degree of a spher ic i ty  observed i n  the magnetic e lec t ron  form fac to r s  
was comparable t o  the  aspher ic i ty  observed i n  pure i r o n  and was not a 
funct ion of order i n  the  a l l o y .  
The changes i n  t h e  magnetic e lec t ron  s t r u c t u r e  are  indicated  
i n  Mossbauer spectroscopy through changes i n  hyperfine f i e l d  and changes 
i n  polar ized e lec t ron densi ty  a t  the i r o n  nucleus giving an isomer s h i f t .  
The decrease i n  the  negative magnitude of the  hyperfine f i e l d  upon 
ordering i s  consis tent  with our neutron observations of the  moment 
changes using the view tha t  the  d ipolar  e f f e c t s  of the  cobalt  moment 
a t  the  i r o n  nucleus p lay  the  prominant r o l e .  However, the  negatively 
polar ized non-localized moment was found t o  decrease i n  magnitude upon 
ordering,  making it d i f f i c u l t  t o  explain the  change of isomer s h i f t  with 
ordering which would c a l l  f o r  an increase i n  negatively polar ized e lec t ron  
densi ty  a t  the nucleus. It has been suggested by many t h a t  the non- 
loca l i zed  e lec t rons  were s - l i k e  i n  character .  However, the  ca lcula t ions  
fo r  pure i r o n  by Duff and Das appear t o  o f f e r  a means fo r  r a t iona l i z ing  
our observations. They show t h a t  the  negative magnetization dens i t y  
associated with non-local e lec t rons  i s  found i n  outlying regions of the  
atomic c e l l  and is  due t o  sp in  dependence of the  r a d i a l  p a r t  of t h e  d- 
e lec t ron  wave functions.  Furthermore, the re  appears t o  be no mechanism 
f o r  negative po la r i za t ion  of t h e  4-s e lec t ron  wave function i n  i ron .  
Thus, no d i r e c t  connection between non-localized moment and 4-s e lec t ron 
wave functions i s  required by t h e i r  model of e l ec t ron  behavior f o r  i ron .  
The fu r the r  analys is  of the  ordering changes upon the 
e lzc t ron ic  s t r u c t u r e  through magnetic e lec t ron  behavior appears t o  be 
a promis ing  approach. 
The meta l lurgica l  aspects  of a l loying addit ions t o  iron- 
cobalt  i n  order t o  control  b r i t t l e n e s s  have been controvers ia l  f o r  some 
time. On one hand, it has been advocated t h a t  control  of ordering by 
a l loying addit ions was p r i n c i p a l l y  responsible for  mechanical property 
improvement. On the  o ther  hand, i n t e r s t i t i a l  impurity e f f e c t s  on 
embrittlement a re  thought t o  be control led  by vanadium as a ge t t e r ing  
agent. It would be su rpr i s ing  i f  both views were not correc t  i n  some 
degree. 
The e f f e c t  of carbon i n  the  iron-cobalt  system was put  under 
study s ince  carbides can p lay  an important r o l e  i n  b r i t t l e  f r a c t u r e .  
A pure i ron ,  an iron-cobalt ,  and a commercial F ~ - c o - ~ % v  a l l o y  were 
carburized a t  950'~ and then rap id ly  cooled and metal lographical ly 
polished t o  revea l  carbide s t ruc tu re .  While the  treatment was i n  no way 
representa t ive  of i n d u s t r i a l  p r a c t i c e  t o  our knowledge, i t  afforded a 
convenient means f o r  examining carbide behavior i n  iron-cobalt  and iron- 
cobalt  a l loys .  Two fea tu res  i n  t h i s  study were revealed metal lographical ly:  
1) carbide formation morphology di f ferences ,  and 
2)  vanadium carbide i n h i b i t i o n  of g ra in  growth and 
cementite growth. 
The vanadium carbide p r e c i p i t a t i o n  a t  aus t e n i  t e  g ra in  boundaries as wel l  
as wi th in  grains appeared t o  confine carbide formation t o  a continuous 
mode of p r e c i p i t a t i o n  (as  dist inguished from a discontinuous-cellular  
mode) . Small aus ten i t e  g ra in  s i z e  was preserved i n  the  vanadium 
containing a l l o y  while a l a r g e r  g ra in  s i z e  i n  both i r o n  and iron-cobalt  
developed i n  the e a r l y  s tages  of carbur iza t ion treatment. The mode of 
carbide p r e c i p i t a t i o n  i n  Fe-Co was d i s t i n c t l y  d i f f e r e n t  from the we l l  
known p e a r l i t e  formation, but  macroscopically resembled a p l a t e - l i k e  
growth with i r r e g u l a r  though near ly  p a r a l l e l  boundaries between the  
body-center cubic f e r r i t e  and carbide cementite. 
It i s  known t h a t  cobalt  carbide i s  highly unstable and t h a t  
graphi te  p r e c i p i t a t i o n  i s  favored i n  cobalt  containing a l loys .  With 
t h i s  i n  mind we were i n t e r e s t e d  i n  learning whether cobal t  was equally 
p a r t i t i o n e d  between the f e r r i t e  and carbide.  Our microprobe s tudies  
a re  not complete although it can be ant ic ipated  t h a t  i n  the  f i r s t  of 
our experiments with rapid  formation of carbide,  s u b s t i t u t i o n a l  d i f fus ion 
would not allow much adjustment of cobalt  content i n  the carbide.  
Nevertheless, it i s  i n t e r e s t i n g  t o  note t h a t  the  mode of carbide forma- 
t i o n  i s  d i s t i n c t l y  d i f f e r e n t  between the  i r o n  and the iron-cobalt  case.  
Whether t h i s  i s  due t o  an increase  i n  the  eutec toid  temperature with 
cobalt  addit ions (carbide p r e c i p i t a t i o n  s t a r t i n g  temperature) o r  due t o  
cobalt  p a r t i t i o n i n g  e f f e c t s  o r  due t o  changes i n  bulk and surface 
thermodynamic proper t ies  of the  carbide i s  not ce r t a in .  
I n  re t rospect ,  our investigations have pointed out t ha t  
carbide formation with vanadium w i l l  t i e  up carbon i n  a form tha t  w i l l  
prevent graphite f lake formation, reduce i n t e r s t i t i a l  embrittlement 
and i nh ib i t  gra in  growth. A l l  these fac tors  mi l i t a t e  against  b r i t t l enes s  
and b r i t t l e  f rac ture  tendency. 
Publication:  "Magnetic Scat ter ing of Neutrons by Equiatomic 
FeCo i n  the Ordered and Disordered state:' by J. W.  Lynn, S . Spooner and 
J. W .  Cable, t o  appear i n  Sol id  S ta te  Division Report of t he  O a k  Ridge 
National Laboratory (1971) . 
Graduate Students: Two Ph.D. Candidates. 
5. The Physical and Functional Aspects of Integrated-Circuit  
Technology - K. L. Su and D. C .  Ray 
Research Performed: I n  the  c i r c u i t  phase, fu r ther  work has 
been done i n  the  synthesis of act ive  networks using the pos i t ive  
impedance converter (PIC) , r e s i s t o r s ,  and capacitors.  The r e su l t s  of 
the  invest igat ion of RC-PIC synthesis  can be summarized i n  the following 
theor ems : 
Theorem 1 
For the  rea l iza t ion  of an a rb i t r a ry  N x N matrix of r e a l  
r a t i ona l  functions i n  the  complex frequency variable as a shor t -c i rcu i t  
admittance matrix of a transformerless act ive  RC N-port network, (a) it  
i s ,  i n  general,  necessary t h a t  the network contains N PIC's; and (b) it 
i s  su f f i c i en t  t h a t  the  network contains N PIC's embedded i n  a 3N-port 
RC network. 
Theorem 2 
For the  r ea l i z a t i on  of an a r b i t r a r y  N x N matrix of r e a l  
r a t i o n a l  functions i n  the  complex frequency var iable  as a shor t -c i rcu i t  
admittance matrix of a transformerless grounded act ive  N-port RC network, 
it  i s  su f f i c i en t  t ha t  the network contains 2N PIC's embedded i n  a 
( 4 ~ + 1 )  -terminal RC network. 
Theorem 3 
An N x N matrix of r e a l  r a t i o n a l  functions i n  the  complex 
frequency var iable  having L simple poles on the  negative r e a l  axis  i n  
the  complex frequency plane and no more than L+1 zeros can be rea l i zed  
as a shor t -c i rcu i t  admittance matrix of a transformerless ac t ive  network 
having no more than PJ PIC's embedded i n  a 2N-port RC network. 
Theorem 4 
An PJ x N matrix of r e a l  r a t i o n a l  functions i n  the  complex 
frequency var iable  having L simple poles on the  negative r e a l  axis  i n  
the  complex frequency plane and no more than L+l zeros can be rea l i zed  
as a shor t -c i rcu i t  admittance matrix of a transformerless grounded 
ac t ive  network having no more than 2N PIC's embedded i n  a (3N+1) -terminal 
RC network. 
Theorem 5 
For the  r ea l i z a t i on  of an a r b i t r a r y  N x N matrix of r e a l  
r a t i o n a l  fbnctions i n  the  complex frequency var iable  as a voltage 
t rans fe r  matrix of a transformerless ac t ive  RC 2N-port network, (a) it 
i s ,  i n  general ,  necessary t h a t  the network contains N PIC's; and (b) it 
i s  su f f i c i en t  t ha t  the  network contains N PIC's embedded i n  a 3N-port 
RC network. 
Theorem 6 
For the  r ea l i z a t i on  of an a r b i t r a r y  N x N matrix of r e a l  
r a t i o n a l  functions i n  the complex frequency var iable  as a voltage 
t rans fe r  matrix of a transformerless grounded ac t ive  RC 2N-port network, 
i t  i s  s u f f i c i e n t  t h a t  the network contains 2N PIC'S embedded i n  a 
( 4 ~ + 1 )  -terminal RC network. 
The r e su l t s  of the  inves t iga t ion  on s t a b i l i t y  c r i t e r i a  
reveals  t h a t  i f  one po r t  of a terminated PIC i s  open-circuit s t ab l e  
(CCS) and shor t -c i rcu i t  s t ab le  (SCS) , the  other po r t  must a lso  be OCS 
and SCS. The conditions fo r  the  terminated PIC t o  be OCS and SCS are  
imposed on the  dynamic gains of control led  sources i n  the PIC, which 
can ea s i l y  be s a t i s f i e d  from p r a c t i c a l  points  of view. 
The study of the s e n s i t i v i t y  i n  the RC-PIC networks with 
respect  t o  the  current-conversion-gain change i n  the PIC can be reduced 
d r a s t i c a l l y  as compared t o  those i n  RC networks with the negative 
impedance converters,  while s e n s i t i v i t i e s  with respect  t o  the voltage- 
conversion-gain change i n  the PIC increase s l i gh t l y .  
I n  the  device phase, work has been centered on the assembly 
of an r f  sput ter ing s t a t i o n  u t i l i z i n g  an DRC o i l  d i f fus ion pump (NHS4) 
f i t t e d  with a l i qu id  nitrogen cryobaffle.  Several  d i f f i c u l t i e s  were 
resolved i n  developing an operat ional  system capable of sput ter ing 
semiconductor films a t  argon pressures of two microns. 
A s e r i e s  of Ge films were sput tered using f resh ly  cleaved 
Cay2 as the  subst ra te  material .  Electron d i f f r ac t i on  s tudies  indicated 
t ha t  good s ingle  c r y s t a l  films had been obtained a t  subs t ra te  tempera- 
tu res  of 400'~. This suggests t h a t  the surface and i t s  preparation 
r a t h e r  than the gross deposit ion parameters of the  r f  spu t t e r ing  
process i t s e l f  a re  the  major obstacles t o  obtaining e p i t q  on sapphire. 
This l i n e  of reasoning l e d  t o  the design and construction of 
a  novel subs t ra te  platform f o r  s p u t t e r  cleaning e i t h e r  conducting or  
insu la t ing  subs t ra tes .  The required negative b ias  of a  few hundred 
v o l t s  was developed by separa te  exc i t a t ion  a t  7 MHz i n  order t h a t  
cleaning might take p lace  a t  any s tage  of the  primary t a r g e t  spu t t e r ing  
process.  The platform a l so  incorporated a graphi te  c l o t h  rad ian t  heater  
and a rad ian t ly  heated thermocouple f o r  measuring subs t ra te  temperature. 
A tuning network was constructed t o  match the  glow discharge impedance 
of the  platform t o  the  r f  exc i t e r  output impedance. 
The analys is  of the  eddy current  method of measuring f i l m  
conductivi ty a t  microwave frequencies was extended t o  include the e f f e c t s  
of the  subs t ra te .  An Algol program was w r i t t e n  and computations were 
made fo r  germanium fi lms on calcium f luor ide  and sapphire subs t ra tes .  
The su rpr i s ing  dependence of the f i lm d i s s ipa ted  power upon the  subs t ra te  
thickness appeared t o  be substant ia ted  by da ta  from e a r l i e r  experimental 
measurements. However fu r the r  a n a l y t i c a l  and experimental inves t igat ions  
a re  required t o  exp lo i t  the  s igni f icance  of these r e s u l t s .  
Publicat ion:  N. W. Cox, Jr. ,  K. L .  Su, and R .  P.  Woodward, 
"Operat ional -~mpl i f ier  Realizat ion of t h e  Nullor and the  Universal 
Impedance Converter," t o  appear i n  IEEE Transactions on Ci rcu i t  Theory, 
May 1971. 
Graduate Students : Three Candidates. 
6 .  Col l i s ional  De-excitation of Atomic Pa r t i c l e s  - E. W .  Thomas 
Research Performed i n  t he  Current Period: Work has been 
concentrated on the study of the cross sec t ion  d i f f e r e n t i a l  i n  angle 
f o r  the  chazge t rans fe r  process. Work i s  p r inc ipa l ly  d i rected a t  t a rge t s  
of helium where a theore t i ca l  understanding should be t rac tab le ;  however, 
empirical data  has a l so  been obtained fo r  more complex t a rge t s  of 
p r a c t i c a l  i n t e r e s t .  
It appears t ha t  the  proport ion of the neu t ra l s  formed i n  the  
2s s t a t e  i s  a  very sens i t ive  function of s ca t t e r i ng  angle; excited s t a t e  
f rac t ions  of 10% have been recorded a t  l a rge  angles. The proport ion of 
metastable neutra ls  r i s e s  from about 1% a t  zero s ca t t e r i ng  angle t o  10% 
a t  one degree of a rc  or  g rea te r  angles; the  r i s e  i s  very rapid and 
occurs a t  approximately the  same impact parameter fo r  a l l  impact energies. 
4- Some qua l i t a t i ve  understanding of t h i s  phenomenon i n  the case of H 
impact on He may be achieved by inspection of the po t en t i a l  energy 
+ 
curves of the (H He) molecule. A t  the in ternuclear  separation where 
the r i s e  i n  p robab i l i ty  of metastable formation occurs, one f inds a 
f a i r l y  rapid change i n  the r e l a t i v e  separation of c e r t a i n  important 
po t en t i a l  energy curves. A t  g rea te r  separations the curve fo r  ~ ( 2 s )  
l i e s  much higher i n  energy than ~ ( 1 s )  , implying t h a t  ~ ( 1 s )  formation i s  
the  most l i k e l y  neu t ra l  atom formation mechanism; thus small angle 
s ca t t e r i ng  which must involve l a rge  in ternuclear  separation gives r i s e  
t o  small p robab i l i t i e s  of metastable formation. I n  con t ras t ,  a t  small 
in ternuclear  separations t he  curves f o r  ~ ( 1 s )  and ~ ( 2 s )  a re  very close 
together and one expects only small differences i n  cross sections fo r  
the formation of these l eve l s ;  t h i s  again i s  consis tent  with the 
observation tha t  l a rge  angle sca t te r ing ,  which inevi tably  involves 
small internuclear separations,  gives r i s e  t o  a population of the  
metastable s t a t e  t ha t  i s  of the same order as ground s t a t e  population. 
While the  considerations give qua l i t a t ive  explanations of the observed 
behavior, a  quant i ta t ive  understanding has not  ye t  been properly 
developed. 
The phenomena described fo r  charge t rans fe r  i n  helium are  
repeated i n  the same general manner when considering heavier,  more 
complex gas t a rge t s .  I n  these cases, however, a  deta i led understanding 
i s  more d i f f i c u l t  due to  t he  non-availabil i ty of accurate po t en t i a l  
curves . 
The experiments have a l so  yielded general information on 
sca t te r ing  cross sections t ha t  may be correlated with a Rutherford type 
theore t ica l  formulation and u t i l i z e d  t o  derive an e f fec t ive  po ten t ia l  
fo r  the  in te rac t ion  of the  col l id ing atoms. Use of screened Coulomb 
po ten t ia l s  provides a ra ther  good predic t ion of the cross sect ion fo r  
the  sca t te r ing  of a l l  p a r t i c l e s  i n t o  some def in i te  angle. 
+ A deta i led study has a lso  been made of processes whereby H 2 
i s  dissociated and ~ ( 2 s )  formed. In  t h i s  case one has three or more 
pa r t i c l e s  par t i c ipa t ing  i n  the co l l i s ion ;  the  description of po ten t ia l  
energy must be deta i led i n  terms of a family of surfaces.  The dissoci-  
a t ion  problem i s  ra ther  complex. Here again it i s  observed t ha t  a small 
proportion of metastable neutra ls  i s  produced i n  small angle sca t te r ing  
and a large  proportion a t  large  angles. The deta i led angular d i s t r ibu t ion  
can i n  p a r t  be predicted i n  terms of the po t en t i a l  energy l ibe ra ted  i n  
the frame of reference of the dissocia t ing molecule. 
The work on t h i s  p ro jec t  w i l l  continue with pa r t i cu l a r  
emphasis on the study of complex t a rge t  systems (02, N2 and possibly 0) 
and fur ther  s tudies  a l so  made on the  processes whereby ~ ( 2 s )  i s  
co l l i s i ona l l y  destroyed. 
Publications:   o or mat ion of Metastable Wdrogen Atoms by 
Charge Transfer, " by R. L. Fitzwilson and E. W.  Thomas w i l l  be published 
i n  the  " ~ h y s i c a l  Review" ( ~ p r i l  1971) . 
"Different ia l  Cross Sections for  the  Formation of Metastable 
Hydrogen by Charge Transfer," by E. W. Thomas and R .  L .  Fitzwilson has 
been published i n  the " ~ u l l e t i n  of the  American Physical socie ty"  
(~olume 15,  page 1504, 1971) . 
Paper Presented t o  Sc i en t i f i c  Meetings: A paper e n t i t l e d  
"Different ia l  Cross Sections fo r  the  Formation of Metastable Hydrogen 
by Charge Transferff was presented a t  the  " ~ n n u a l  Meeting of the Division 
of Electron and Atomic Physics of t he  American Physical society" i n  
Sea t t l e  (~ovember 1970) . 
Graduate Students: Two Ph.D. Candidates. 
7. Studies i n  Nitrene Chemistry - L. H. Zalkow and C .  L. L io t t a  
Introduction: The goal  of t h i s  problem i s  t o  prepare an 
endo-triazoline of the  bicyclo L2,2,1] System as shown. 
I n  the past  there  have been several  attempts t o  prepare t h i s  type of 
compound. To date there  has been reported only one success i n  which 
1 phenyl azide was added t o  norbornene . The endo adduct was prepared 
i n  low y ie ld  and was i so la ted  v i a  f r ac t i ona l  c ry s t a l l i z a t i on  from the  
exo isomer. A b e t t e r  method has ye t  t o  be reported. 
Our approach to  t h i s  problem i s  to  f i r s t  prepare the unsub- 
s t i t u t e d  endo-aziridine I1 i n  good y i e ld  and then convert t h i s  t o  the 
desired t r i azo l ine .  
\ M-H 
There have been many attempts t o  add e lec t rophi l i c  reagents 
(INCO, IN3,  e t c  .) t o  norbornene i n  hopes t o  incorporate a nitrogen 
containing functional  group endo. These have not worked a t  a l l .  
There seems t o  be several  a l t e rna t ives  t o  the  above procedures. 
F i r s t  i s  incorporation of the  nitrogen function i n  the molecule a t  the  
s t a r t .  Secondly, t o  block the  exo- a t t ack  of ce r ta in  reagents by placing 
a hindering group on the  C carbon syn t o  the  double bond i n  norbornene. 7 
Thirdly, a sequence of reactions to  convert some nitrogen function on 
the  norbornane skeleton t o  an endo nitrogen functional  group. 
-
I S. McLean & D. M. Findlay, Tet. Le t te r s ,  #27, 22x9 (1969). 
-
Experiments: The t r i a z o l e  I11 was prepared and attempts 
were made t o  r e a c t  t h i s  with cyclopentadiene i n  hopes t h a t  the  endo 
t r i a z o l i n e  I V  would form. The t r i a z o l e  f a i l e d  t o  r e a c t .  
The imidazolone V was prepared and attempts were made t o  r e a c t  t h i s  
with cyclopentadiene. The s t a r t i n g  imidazolone was recovered unchanged. 
I n  s t i l l  another attempt the  n i t r ene  V I  formed from treatment 
of N-amino phthalimide with lead t e t r a a c e t a t e  was added t o  bornylene. 
There was no adduct formed. 
A t  present  t h e  b e s t  approach which i s  being developed i n  the  
prepara t ion of t h e  chlorooxime VIIa a.nd subsequent reduction t o  the 
amino compound VIII. 
V I I  
a,R = H 
b,R = Ac 
NH2 
VIII 
The reac t ion  of V I I I b  with NaBH i n  methanol gives the  4 
dehalogenated and reduced products I X  and X or  X I .  
NHOH 
Ca ta ly t i c  reduction with Rh on carbon i s  p resen t ly  being 
pursued. Although no products have been i d e n t i f i e d ,  the  r e s u l t i n g  
products seem t o  have been dehalogenated. 
Graduate Students: Two Ph.D. Candidates. 
111. CONCLUSIONS 
The NASA Multidisciplinary Grant NGL 11-002-018 continued to 
stimulate research on the campus and its effectiveness is demonstrated 
by the number of publications (5), submissions (3) and presentations (2) 
during the six month period, September 15, 1970 to March 14, 1971. 
Through the grant graduate students are engaged in quality 
research activities and students in the following categories received 
financial support from the grant: M.S. - 1 and Ph.D. - 12. 
